Introduction
Pazopanib is one of the tyrosine kinase inhibitors (TKI) approved for the treatment of advanced renal cell carcinoma [1] . Pazopanib inhibits vascular endothelial growth factor (VEGF) receptor, platelet-derived growth factor (PDGF) receptor, and C-Kit tyrosine kinase receptors [1] .
TKI-induced thyroid dysfunction was reported in 2006 in patients that had gastrointestinal stromal tumors and received sunitinib [2] . However, TKI-induced thyrotoxicosis has rarely reported before. To the best of our knowledge, pazopanib-induced thyrotoxicosis has never been reported. Here, we report a case of pazopanib-induced thyrotoxicosis.
Case report
The patient was a 68-year-old female who was diagnosed with Stage II renal clear cell carcinoma in 2013 and had a radical nephrectomy. Her past medical history included aortic dissection and ovariectomy. She had a family history of hypertension. Two years after the operation, she was found to have metastasis to the sacrum by follow-up computed tomographic scanning. She then received palliative radiation therapy to sacrum for control of the pain (45 Gy).
After the radiation therapy, she started receiving pazopanib (600 mg per day). Three weeks after the therapy, she discontinued pazopanib because of fatigue and palpitation. She was admitted to our hospital because of liver chemistry abnormalities [AST 723 IU/L (normal range 7-37 IU/L); Abstract Pazopanib is an oral multi-targeted tyrosine kinase inhibitor and has been approved for metastatic renal cell carcinoma and advanced soft tissue sarcoma. To the best of our knowledge, pazopanib-induced thyrotoxicosis has never been reported. The patient was a 68-yearold woman with renal cell carcinoma and multiple metastases. Three weeks after pazopanib medication, she felt fatigue and palpitation. She was admitted because of liver chemistry abnormalities [AST 723 IU/L (normal range 7-37 IU/L); ALT 953 IU/L (normal range 3-33 IU/L)]. She showed abnormal thyroid function tests with suppressed TSH of 0.0585 μIU/mL, and elevated fT4 of 3.38 ng/dL. Ten days after admission, tachycardia appeared and fT3 and fT4 were elevated (fT3 27.85 pg/mL, fT4 2.58 ng/dL), and TSH was suppressed (0.0414 μIU/mL). Her thyroid ultrasound showed hypervascular thyroid gland without nodules. We diagnosed pazopanib-induced thyrotoxicosis. Because the fT3/fT4 ratio was high (10.8) and the thyroid was enlarged, we thought that her thyrotoxicosis might get worse. She was treated with medication of beta-blockers, hydrocortisone, and potassium iodide and thyrotoxicosis resolved. This report highlights that Pazopanib could induce thyrotoxicosis, and therefore, periodic surveillance of thyroid function is required during pazopanib therapy.
ALT 953 IU/L (normal range 3-33 IU/L)]. She showed abnormal thyroid function tests (TFTs) with suppressed TSH of 0.0585 μIU/mL (normal range 0.35-4.94 μIU/mL), and elevated fT4 3.38 ng/dL (normal range 0.70-1.48 ng/ dL).
On physical examination, her thyroid was enlarged, and her vital signs included temperature of 36.7 °C, heart rate of 115 bpm, and blood pressure of 116/83 mmHg. We diagnosed drug-induced thyroid dysfunction; however, we thought that there was no need for medication at that time.
Other adverse events such as hypertension and hand-foot syndrome had not happened.
Ten days after admission, paroxysmal atrial fibrillation appeared. At that time, TFTs showed suppressed TSH of 0.0414 μIU/mL, elevated fT4 2.58 ng/dL, and elevated fT3 27.85 pg/mL (normal range 1.71-3.71 pg/mL). Thyroglobulin was elevated at 2716 ng/mL (normal range <33.7 ng/ mL), and antithyroglobulin was slightly elevated at 33 IU/ mL (normal range <28 IU/mL), whereas antithyroid peroxidase and thyroid-stimulating hormone receptor antibody were not detected. Her thyroid ultrasound showed hypervascular thyroid gland without nodules.
Because the fT3/fT4 ratio was high (10.8) and the thyroid was enlarged, we thought that her thyrotoxicosis was due to Graves' disease. She was treated with beta-blockers, hydrocortisone, and potassium iodide. She was not treated with propylthiouracil and thiamazole because of her liver chemistry abnormalities.
The day after the treatment, the atrial fibrillation disappeared, and her heart rhythm returned to sinus rhythm. She was discharged from our hospital 20 days after admission. One month after discharge, TSH was elevated, and fT3, fT4, AST, and ALT had returned to normal range (Fig. 1) . Ultrasound showed shrinkage of thyroid. Three months after discharge, TFTs showed hypothyroidism, and l-thyroxine was started. She have taken l-thyroxine until now.
We proposed to her another TKI or switch to mammalian target of rapamycin (mTOR) inhibitor, but she selected observation therapy. She remains alive and has had stable disease for 1 year.
Discussion
TKIs have been approved for treatment of metastatic renal cell carcinoma in Japan, the US, and European countries. Pazopanib, an oral angiogenesis inhibitor targeting VEGF, PDGF, and c-Kit, is an effective treatment for advanced renal cell carcinoma [1] . TKIs have been associated with thyroid dysfunction, mainly hypothyroidism. TKI-induced thyroid dysfunction was reported in 2006 in patients that had gastrointestinal stromal tumors and received sunitinib [2] . Pazopanib-induced hypothyroidism was recorded in 12% of renal cell carcinoma patients [3] . Although TKIinduced thyroid dysfunction has been reported, TKIinduced thyrotoxicosis has rarely been described. Sorafenib and sunitinib-induced thyrotoxicosis have been reported [4, 5] . Recent reports show that sunitinib-induced thyrotoxicosis has been recorded 3% of renal cell carcinoma [6] , and chronic thyroiditis may be the risk factor [7] . Pazopanibinduced thyrotoxicosis has never been reported before. This is the first reported case of thyrotoxicosis induced by pazopanib. The mechanism of thyrotoxicosis was thought to be due to destructive thyroiditis [8] . Although several possible mechanisms have been suggested for TKI-induced thyroiditis, such as blocking of iodine uptake [9] , autoimmune mechanism [10] , and VEGF inhibition [11] , the mechanism is still unclear.
Destructive thyroiditis initially presents as transient thyrotoxicosis with decreased radionuclide uptake, followed by a hypothyroid phase. In our case, thyroglobulin was extremely high, and TFTs were improved rapidly and TSH was elevated. This course accords with destructive thyroiditis. Unfortunately, we did not perform thyroid scintigraphy for distinguishing Graves' disease from destructive thyroiditis. If we performed such a thyroid scan, the findings might be useful for determining the mechanism of thyrotoxicosis.
At first, the patient's vital signs were stable without tachycardia, and her treatment with pazopanib was stopped. However, her thyroid dysfunction worsened and paroxysmal atrial fibrillation appeared. Although treatment of TKI-induced thyrotoxicosis is not always required, our case needed to be treated with corticosteroid and beta-blockers, because fT3-to-fT4 ratio was very high. The fT3-to-fT4 ratio was useful for differentiating between Graves' disease from destructive thyroiditis [12, 13] . Recent report shows that this ratio >4.4 confirms the diagnosis of Graves' disease [13] . At that time, we thought that thyrotoxicosis was due to Graves' disease and we started therapy. Because propylthiouracil and thiamazole should be taken carefully for patients with liver dysfunction, we did not use these two drugs in initial treatment.
TKI-induced hypothyroidism is almost reversible. However, in some case, it can be irreversible. It has been reported that shrinkage of thyroid volume might be a potential marker of irreversible thyroid dysfunction [14] . In our case, thyroid volume decreased 30% after the treatment of pazopanib.
Pazopanib is metabolized in the liver, and our patient had liver dysfunction, so impaired metabolism might have resulted in an increase of the serum concentration of pazopanib. The incidence of ALT elevation in pazopanib ranges from 46 to 60% [15] , so pazopanib-induced thyroid dysfunction may be exacerbated in patients with liver chemistry abnormalities. Thus, regular surveillance of thyroid function is essential during pazopanib therapy. If liver abnormalities appear, TFTs should be performed after the cessation of pazopanib.
In conclusion, pazopanib can induce thyrotoxicosis, which can become worse after the cessation of pazopanib. Further data should be obtained to determine the mechanism of pazopanib-induced thyrotoxicosis.
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